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^MfiUlfiiLand Apparatus for Ekcfaroma^nctic Trcqtmenl , 
"of the Skin, In cluding Hair Depi lation 

Inventors: Shimon Eckhouse 
Hillel Bachxach 

Related Applicatium 

This application is a continuation-in-pait of prior copending United States application 
Serial No. 08/508,129 filed July 7.7, 1995 which is a continuaaon-in-pan Of prior cop^Kllng 
Unitftd Staters appUcation Serial No. 08/477,479. ffled Juiic 7, 1995, ^entitled "Method And 
Apparatus For Hieiapeucic Electruiiagnetlc IVeatmcnt," which is a continuation of prior 
copending United States application Serial No. 08/473,532, filed June 7, 1995, entitled 
"Method And Apparatus For Therapeutic Elccuomagnetic Treatment/' which are continuations 
of prior copending United Stalcii applicaUon Serial No, 08/383,509, filed February 3, 1995, 
entitled ''Method And Apparatus For Therapeutic Electromagnetic Treatment," which is a 
continuation-in-part of prior co-pending United States application Serial No. 07/964,7.10, filed 
October 20, 1992, entitled "Method And Apparatus For Therapeutic Hiexitromagnfttic 
Treatment," issued on April 1 1, 199^*, as U.S. Patent No. 5.405.368, The application is also a 
continnat.ion-in-pait of prior coijendlng United States applicaUuu Seiial No. 08/412,519 filed 
March 29, 1995^'^pfiiiding). 

Field of the Inventiozi 

The presOTt invention relates generally to the art of clcctruuiagaeiic skin treatment, 
including devices and methods for removing hair. The invention relates to a method tmd 
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apparatus for utiliring a spatially dispersed or extended pulsed light source 5>ucli as a 
flashlamp and providing treatment parameters for its use, and also relates to use of devices 
and methods that utilize electroiiiasaeiic energy to kill hair follicles. 

Background of the Invention 

It is known in the prior an to use electromagnetic radiation in medical tipplicaUoiiS for 
thftrapftiitic uses such as treatment of skin disordcis. For example, U.S. Patent No. 4,298,005 
to Mutzhas describes a cwniinuous ultraviolet lamp with cosmetic, photobiological, and 
photochemical applications. A treatment based on using the UV portion nt thft spectrum and 
its photochemical interaction with the skin is described. The power delivered to the skin usiiiK 
Mutzhas' lamp is descTibed as I50W/m:; which does not have a sisaificant effect on skin 
temperature. 

Li addition to prior art treatment involving UV light> lasers have been used for 
dcrmatological procedures, including Argon lasers, CO, lasers, NritYag) lasers. Copper vapor 
lasers, ruby lasers and dye lasers For example, U.S. Patent No. 4,829,262 to Funiinolo, 
describes a method of rcnstmcting a dye laser used in dermatology applications. Two skin 
conditions which may be treated by laser nidi-dtiou aic cAieinal skin irregularities such as 
local differences in the pixuiwuailon or structure of the sldn, and vascular disorders lying 
deeper under the skin which cause a variety of skin abnomialities including port wine stains, 
telangiectasias, leg veins and cherry and spider angiomas. 1 -flser treatment of these skin 
disorders generally inr.lndfts localized heating of the treatment area by absorptiuii of laser 
radiation. Heating the skin changes or coiicuts ihe skin disorder and causes the full or partial 



disappftaraTicft of thft skin ahnomiality. 

Certain external disorders such as pigmented lesions can also be treated by hearing the 
skin very fast to a high enough temperature to evaporate parts of the skin. Deeper-lying 
vascular disorders are more typically treated by heating the blood to a high enough 
temperature, to cause it to coagulate. The disorder will then eventually disappeitr. To control 
the treatment depth a pulsed radiation source is often used. The depth the heat penetrates in 
tlitt blood vessel is coniioUed by couiroIlliiK llie pulse width uf the rddiatioii source, Tlie 
absorption and scattering coefficients of the skin also affect the heat penetration. These 
coefficients are a function of the constituents of sHn and the wavelength of the radiation. 
Specifically, the absorption coefficient of light in the epidermis and dermis tends to be a 
slowly varying, monoionically decreasing function of wavelength. Thus, the wavdengdi of the 
light should be chosen so that the absorption coefficient is optimized for the particular skin 
condition and vessel size being treated. 

The effectiveness of lasers for applications such as tattoo removal and removal of birth 
and age marks is dimini.*ed because la.sers are monochromatic. A laser of a given 
wavelength may be effectively used to treat a first type of skin plgmeniailon disorder, but, if 
the specific wavelength of the laser is not absorbed efficiently by skin having a second type 
of disorder, it will be ineffective for the second type of skin disorder. Also, lasers arc usually 
complicated, expensive to manufacture, large for the amount of power delivered, unreliable 
and difficult to maintain. 

Ttie wavelength of die light also affects vascular disorder treatment because blood 
content in the vicinity of the vascular disorders varies, and blood content affects the 



3 



absorption coefficient of the trwrmftnt area. Oxyhemoglobin is the main chromophore which 
controls the optical propenies of blood and has stiuug absoipUou bands in the visible region* 
More panicularly, tlic suoixgest absorption peak of oxyhemoglobin occurs at 418 nm and has 
a band-width of 60 nm. Two additional absorption peaks with lower absorption coefficients 
occur at 542 and 577 nm. The total band-width of these two peaks is on the order of 100 nm. 
Additionally, light in the wavelength range of 500 lo 600nm is desirable for ihe treatment of 
blood vessel disorders of tlie skin since it is absorbed by Llic blood and penetrates through the 
skin. Longer wavelengdii; up tu lOOOmn are also effective since they can penetrate deeper into 
the skin, heat the surrounding tissue and, if the pulse-width i$ long enough, contribute to 
heating the blood vessel by thermal conductivity. Also, InngRr wavftlengths are effective for 
treatment ot larcer diameter vessels because ihe lower absorption coefficienc is compensated 
for by the longer patli of light Li die vessel. 

Accordingly, a wide band electromagnetic radiation source that covers the near UV 
and the visible portion of the spectrum would be desirable for treatment of external skin and 
vascular disorders. Thft overall range of wavelengilis of the light source should be sufficient 
to optimize treatment for any of a number of applications. Such a therapeutic electromagnetic 
radiation device should also be capable of piuvidiag an optimal wavelength range within the 
overall range for the specific disorder being treated. The intensity of the light should be 
sufficient to cause the required thermal effect by raising the temperature of the treatment area 
to the required temperature. Also, the pulse- width shoniri bft variahlft over a wide enough 
range so as to achieve the optimal penetration depth for each application. Tlierefuic, it is 
desirable to provide a light souice having a wide range of wavelengths, which can be selected 
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according to the reqiiiTftd skin treatment, with a controlled pukc-widtli and a high enough 
energy density for application to the affected area. 

Puli^d non-laser type light sources cuch as linear flashlamps provide these benefits. 
The intensity of the emitted light can be made high enough to achiftve the required thermal 
effectSj, The puke-width can bft varied over a wide range so that control of thermal depUi 
penetration can be accomplished. The typical qnscUiuii covers die visible and ultraviolet range 
and the optical bands mo^t effective for specific applications can be selected, or enhanced 
using fluorcb^nt materials. Moreover, non laser type Hght sources such as flashlamps are 
much simpler and easier to manufacture than lasers, are significantly lftR<5 expensive for the 
same output power and have thft potential of being more efficient and more reliable, Tlicy 
have a widft fspftctral range that can be optimized for a vaiicly of specific skin treatment 
applications. These sources also have a pulse length that can be varied over a wide range 
which is critical for the different types of skin treatments. 

In addition to being use-d tor rreatmg skin disorders, lasers have been used for invasive 
medical procedures such as lithotripsy and removal of blood vessel blockage- In such invasive 
procedures laser light is coupled lo optical fibers and delivered through the fiber to the 
treatment area. In Udiotripsy the fiber delivers light from a pulsed laser to a kidney or 
gallstone and the light interaction with the stone creates a shock wave, which pulverizes the 
stone. To remove blood vessftl blockage the light is coupled to the blockage by tlie fibci and 
disintegrates the blockage. In either case tlic shouconilngs of lasers discussed above wth 
respect to laser :>kiu iicatment arc present. Accordingly, a treatment device for lithotripsy and 
blockage xemoval utilizing a flashlamp would be desirable. 
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To effectively treat an area the light from tlic source must be focussed on the 
treatment area, Cnnpling pulsed laser light into optical fibers in medicine is quite common. 
Hir prior an describes cuupling isotropic incoherent point sourftes mch as CW lamps iiilg 
small optical fibers. For example, U.S. Patent No. A,757,431. issued July 12, 1988, to Cross, 
et al. discloses a method for focusing incoherent point souiccs with small filaments or an arc 
lamp with an electrode Sftparation of 2 mm iiiLo a small area, Point (or small) sources ^rft 
relatively ftasy to focus without laige losses in energy because of the small size of the source. 
Also, U, S. Parent No. 4,022,534, issued May 10, 1977, to Kishner discloses light produced 
by a flash lube and the collection of only a small porrion of the light einitied by the mbc into 
an optical fiber- 

However; the large dimension of an extended source such as a flashlamp makes it 
difficult to focus large Itactionsi of its energy into small areas. Coupling into optical fibers is 
even more difficult since not only must a high energy density be achieved, but tlie angular 
distribution of the light has to be such that trapping in ihe optical fiber can be accomplished. 
Thus, it is desirable to have a system for coupling the output of a high intensity, extended, 
pulsed light source into an optical fiber. 

Hair can be removed permanently for cosmetic reasons by various methods, for 
example, by heating the liair and the hair follicle to a high enough tempeiaiure that results in 
their coagulation. It is known th?»t blood is coagulated when heated to temperatures^ of the 
order of 70'C. S'Tmilarly, heating of che epidermis, the hair and the hair follicle to 
temperatures of the same order of magnitude will also cause their coagulation and will resuU 
in permanent removal of the hair. 



One conmion method of hair removal, ofieii called dcctrolysia, is based on the iise of 
"electric nftedles" that are applied lo each individuol hair. An electrical current is applied to 
each hair tliruugh the needle. The cunent heats the hair, causes Its carbonization and also 
causes coagulation of the tissue nejct tn the hair and some coagulation of the micro vessels 
that feed the hair foUiclft. 

While the electrical needle method can remove hair peimanently or long fftrm, its use 
is practically Imiiied because the treatment is painful and the prnr-ftdure is generally ledious 
and lengthy. 

Light can also used ftf f ftctively to remove liaii\ For example, other prior art 
methods of hair removal involve the application of pulsed light, generally from coherent 
sources ^^ch as lasers. R. A, Harlc, et* aL, in U.S. Patent No. 3,693,623, and C. Block, in 
U,S. Patent No. 3,834,391, teach to remove hair by coagulating sing'ft hair with a light 
coupled to tlie individual hair by an optical fiber at the immediate vicinity of the hair. 
Similarly, R. G, Meyer, in l.l.S. Patent No. 3,338,919, lemovcs hair on a hair by hair basis 
using energy from a pulsed laser. Similai' mventions using small fibers are described in U.S. 
Patejxt No. 4,388,924 to H, Weissiiiaii, et al and US. Patent No. 4,617,926 to A, Sntron. 
Each of these teach to remove hair one hair at a time, and ara thtis slow and tedious, 

U.S. Patent No. 5,226,907, to N. TAnkovich, describes a hair removal method ba^cd on 
the use of a material that coats the hair and hair follicle. The coating material enhances 
absorption, of energy by the follicles, citlier by matching the frequency of a light souim to the 
absorpiiou frequency of tlie material, or by photochemical rftacrion. In either case the light 
somce is a laser. One deficiency of such a method and apparatus Is that lasers caii be 
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e^xpensive and swbjea to scrinMent regulations. Additionally, thft coating marcriiil must be 
applied only to the haii* follicles, to insure prop^ h^ir removal and to prevent damage of 
other tb-^'ue. 

Light (electromagnfttic) energy used lo remove hair must have a fluence such that 
sufficient enerey will be absorbed by the hair and the hair follicle to raise the ternpciatuic to 
the desired value. However, if the light is applierf to the surfece of the skm other than at the 
precise location of a hair follicle, the light will also heal ihe skin to coagulation temperature 
and induce a bum in the skin. 

Accordingly, it Is desirable io be able to treat the skin by effftctively heating multiple 
follicles, without buming Uic suuounding sldn. Such a method and apparatus should be able 
to remove muie than one haix at a time, and praferably over a wide aiea of skin, for example 
at least two square centimeters. Additionally^ the method and apparatus should be capable of 
using incoherent light. 

Summary of the luvcutlon 

According to a fu'st embodiment of the invention a therapeutic ireatnicni device 
comprises a housing and an incoherent light source, suitably a flablilamp, opcmble to provide 
a pulsed light output for treatment, disposed In che liousing. The housing has an opening and 
is suitable for being disposed adjacent a .skin treatment area. A reflector is moimted within che 
hcnsing proximate ilie light source, and at least one optical filter is mounted proximate tlic 
opening in llic housing. An iris is mounted coextftnsively with the opening. Power to the lamp 
is provided by a variable pulse width pulse fonning circuit. Thus, the treatment device 



8 



provides controlled density, filtered, pulsed light oulput through an opening in the housing to 
a skin area for treatment 

According to a second embodiment of the invention a method of frftsfment with light 
energy compxises tho steps of providing a high power, pulsed light output from a non-laser, 
incohercnc light source and directing the pulsed light output to a ueatmcnt area. The pulse 
width of the light outpitr is controlled and focu^f^cd so that the power density of the light is" 
controlled. Also, the light is nitercd to control the spectrum of the light. 

Accordmg to a third embodiment of the invention a coupler comprises an incohereiU 
light source such as a toroidal flashlamp. A reflector is disposed around die incoherent light 
source and at least one optical fiber or light guide. Hic fiber has an end disposed within the 
reflector. This end collects the llgJii fiom the circular lamp. In a similar coupling 
configuration fibers may be provided, along with a linear to circular tlhftr transfer unit 
diiipoiied to receive light from the light source and provide light to the optical libers. The 
reflector has an elliptical cross-section in a plane pamllel lo the aAis of the linear flash^tube, 
and the linear flash tube is located at one focus of the ellipsjt while the linear to circular 
transfer unit is located at the other focus of the ellipse. 

The invention further includes the method of treating the skin to removft hair from an 
an area of tissue by producing electromagnetic energy and applying the energy to the skhu 
At least one pulse of incoherent electromagnetic energy is preferably used. The incoherent 
electromagnetic energy is thftn coupled to an area of Uic surface of the tissue that includes 
more than one hair follicle. 

Additionally, in one alternative embodiment the energy may, but not necessarily, be 
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produced by pulsing a flashlamp co genciatc a pulse having an energy fluence on ihe order of 
10 to lOOJ/cm*, The energy can be coupled through a window in a housing in ^hich tlie 
tlashlamp is located, by reflecting the energy to the tifynie through the window and through a 
gel located on a surface of the tissue. The window may be brought into contact with the gel 
In other alternative embodimftnts the angular divcxgencc of the electromagnetic energy is 
controlled, and thus the depth Of penetiaiion into the tissue, and the coupling to the hair and 
to the hair follicles, is also controlled. In another alternative embnriimeni each step of llie 
method is repeated, but at least two angular divftrgences are used, thus obtaining at least two 
depths of penetration. 

In other alternative embodimems, electromagnetic energy is filtered. Spe-citlcally, in 
one embodi.mftnt the eleciromaKuciic energy is filtered according to the. pigmentation level of 
the tissue to be trt;<il<sd. In another alternative, energy that ha<i a wavelength of leas than 
550iun and greater than 1300nin is filtered. Some or all of such energy can be filtered. 

JiL yet another altemativft embodiment, the pulse produced has a width of less than 
200msec, and/or the delay between pulses is on ihe order of 10 to 100 msec between thft 
pulses- In one embodiment, the surface aiea of the energy at the tissue is at least two square 
centim.ftfftr?;. 

In accordance with a second aspect of the invftnfion an apparatus foi lemoving hair 
from an area of tissue that includf^^ more than one hair follicle includes a source of pulsed 
incoherent electromagnfiric energy. The source is located within a housing, and a coiipjar 
directs the inr/)herent eleciromaKnctic energy to the surface of the tissue. 

According lo an alternative embodiment the scxirce is a flashlamp and a pulijc 
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generaiinK circuit that generates pulses of energy that have an energy fluence on the ordftr of 
10 to lOOJ/cm^ The coupler can include a iranspaicnt window and the hoti5!mg a reflective 
interior, wherein the enftrgy is reflected \o the window, A gel is disposf^ci on the surface of 
the tissue and the window is in contact with die gel, to couple thft energy thiousU ilie window 
and gel- lo the suxftice of the tissue. In another alternative embodlrnau the energy provided by 
the couplei* has a range of angular divergences. 

In another alternative embodiment at least one band pass electrom^^gnetic filter is 
disposed between thft source and ilie lissuc. The filter can be selected such that ilie 
wavele.Tigth of the energy that passes through the filter is hssed on the pigmentation level of 

the treated tissue. Alternatively, the filters pass ftn^gy that has a wavelength of between 

t 

550iim and ISOOnin. 

In other embodimftnts, the source piovidcs pukes having a width of Iftss than 
200msec, and/or delays between pulses on the order of 10 to HH3 msec. In anotiici 
ftmbodimem, the area of the energy at die tissue is at laast two square centimeters. 

According to a third aspect of the invp.ntion, a method uf removing hair from an area 
of lissuc that has more than one hair tollicle includes pioducing at least one pulse of 
electromagnetic energy. A gel on a surface of the tissue cools the tissue, but the gftl is not 
adjacent the hair fnllicle. The electromagnetic energy is coupled to the surface of the lissuc. 

In one alternative embodiment, the energy is prodnred by pulsing a flaislilamp, and a 
pulse having an energy fluence on die order ot 10 to lOOJ/cm^ iij thereby generated. In another 
embodiment, the flashlamp is lonated in a housini^ lliat includes a transparent window and the 
energy is reflected through the window and directed through the gel to the tissue. In yet 
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-dxiother altemative embodiment, fhfi angular dlvexf^eiice of the electromagnetic energy i$ 
selected to determine the depth of penetnitioji into the tissue, and to detenninft the coupling to 
the hair and tn the hair follicle:;. Also, each step of the method may be repeated usiiis at least 
two different angular divergences, whereby at leasr two depths of penetration are obtained. 

Ixi another alternative embodiment, the electromagnetic energy is filtered- The filtering * 
can be done in accordance with the pigmentation level of the treated tissue. Alternatively, 
filtering may include filtering some or all of Uie energy that has a wavelength of le.<?s than 
550 Tim and ereater than 1300 lua. 

In anodict' alternative embodiment pulses produced have a widili of less than 20Qm5sc, 
Hie delay between pulses may be on the order of 10 to 100 msec. Also, the area of the energy 
at the tissue can be large, for ftxample more tliaii two square centimeters. The energy may be 
incoherent, such as thai produced by a flashkmp for example, or coherent, <nich as Thai 
pTfvluced by a laser, foi example. 

Ill accordance with another aspect of the invention, an appaiatus for removing hair 
from an area of tissue that has more than one hair includes a source of pulsed electromagnetic 
energy, A gel is disposed on thft surface of the tissue such that the gel cools the tissue bur is 
not adjacent^ and doe.? not cool the hair fulliclc. A coupler is disposed betweeji the source 
and the surface to couple tlzc energy to the surfaee. 

In one alicuiative embodiment, the source is a pulsed flashlamp that generates pulses 
liaviiij; ail energy flucace on the order of 10 to lOOJ/cin'. In anothci altemative, flic flashlamp 
is located in a hoQsing that includes a tianspaient window and a reflective interior. In yet 
anoth^ altemative emhodimem the shape of tlxe coupler deteroiines the angular div«rgence of 
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the electromagnetic ftnergy» which detcutiincs the depth of penetration of the energy Into tlic 
tissue, and determines the cuupling to the hair and to the hair follicles. The apparatus may 
include a band-pass filter disposed between the sonrce and the surface. In one altcmative the 
band-pass filter passes energy having a wavelength of between 550mn and ISOOnm. The 
sonrcc^may be a souic* of incoherent energy, or a source of coherent energy, such as a laser, 
for example. 

Brief Description of the Drawngs 

For a better understanding of the invention, reference Is made to the accompanying 
drawings, in which like numftrals designate corresponding elements or sections throughout, 
and in which: 

Figure 1 is a woss-scctional view of an incoherent, pul?tftd light source skin ircauiicnt 

device; 

Figure 2 is a side view of the light source of Figure 1; 

Figure 3 is a schematic diagram of a pulse forming network with a variable pulse 
width for use with the sWn Ucaiment device of Figures I and 2; 

Figure 4 is* a cross-sectional view of a coupler tor coupling light flporn a toroidal flash 
lube inly zi\ optical fiber with a conical edge; 

Figure 5 is a side viaw of a toroidal flash tube; 

Figure 6 is a fop view of a toroidal flash tube; 

H^ire 7 shows the geometry for coupling into a conical section; 

Figure 8 a cross-sectional view of a coupler for coupling light from a toroidal flash 
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tube into ati optical fiber widi a flat edge; 

Figure 9 is a front sectional view of a coupler for coupling light from a linear flash 
tube iiilo a circular fiber bundle; 

Figure 10 is a ride sectional view of tlie coupler of Figure 9; 

^Figure 11 is a from view of a coupler for coupling light frnm a linear flash lube into 
an optical fiber, 

Figme 12 is a front view of a coupler for coupling lij^u from a linear flash tube into a 
doped optical fiber^ 

Figure 13 is a schematic configuration of a gel skin mterfece with a transparent plate; 

Rgurc W shows an angulai' distribution of photons penetrating without using a gel; 

Figure 15 shows a light guide providing a large angular divergence; 

Rgiue 16 shows a light guide providing a nanow angulai* divergence; 

Figure 17 shows a spectra produced with a flashlamp current of 200 amps; and 

Figure 18 shows a spectra produced with a flashlamp current of 200 amps; and 

Figurft 19 shows a GTO driver circuit for a flashlamp. 

Figure 20 ib* a schematic drawing of a cross section of a hair follidc in the dermis and 
a gel applied to the epidermis in accordance with the present invention; 

Figure 21 is a graph showing the optical pi-operties of the skin; 

Figure 22 is a side view uf a hair removal apparatus constructed in accordance witli 
the present invention: 

Figure 23 is a front view of a hair removal apparatus cousunjcted in accordance with 
die present invention; 
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Figure 24 is a divcrgftnt coupler such as one nsted in the present invention; and 
Fi^we 25 is a ncn divergent coupler such as one used in die present invention. 

Detailed Description of the Invention and the Preferred Embodiments 

Before explaining at least one embodiment of thR invention in detail it is lo be 
understood tliai the invention is not limited in its application tu tlic details of construction and 
llie aixangcmcnt of the componftnts set forth in the following description or illustrated in the 
drawings. The invention is capable of oilici embodiments or of being practiced or carried out 
in various ways. Also, il is tu be understood that the phraseolngy and termiiiulogy employed 
herein is for the purpose of description and should not bft regarded as limiting, 

Refening now to Rgures 1 and 2, cross-sectional and side views of an incoherent, 
pulsed light source skin treatment device 10 constructed and operated in accordance with the 
principles of the present invention are shown. The device 10 may be seftn to include a 
housing 12. having an openiiif^ thercm, a handle 13 (Figure 2 only), a light somce 14 having 
an outftT glass tube 15, an elliptical reflector 16, a set of optical filters 18, an iris 20 and a 
detector 22 (Figure 1 only). 

Light source 14, which is mounted in housing 12, may be a typical jncoherent light 
source such as a gjjs filled linear flashlamp Model No, L5568 available from ILC. Hie 
sp<*.ctnim of light emiUcd by gas filled linear flashlamp 14 depends on current density, type of 
glass envelope iiiaterial and gas mixture used in the tube. For large current densities (e,g,, 
3000 A/Cm* or more) the spectmm is similar to a black body radiation spectrum. Typically, 
most of the energy is emitted in die 300 to 1000 nm wavelength range. 
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To treat a skiii (or visible) disorder a required light density on tl\e skin m«.«;r he 
delivered- Tliis light density eon be achieved with the focnsitiE anangemem shown in Figures 
1 and 2. Figure 1 shows a cross-sftction view of reflector 16, ako mounted in housing 12. As 
shown in Figure 1, the eT055s-section Of reflector 16 in a plane is perpendicular to the axis of 
flashl3inp 14 is an ellipse. Lineai- flashlamp 14 ia located at one focus of the ellipse. ;^nci 
reflecioi 16 is positioned in such a way that the treatment area nf skin 21 is located at the 
other focus. The axrangement shown is similar to focusing arrangements usjcvl widi lasers and 
efficiently couples light trom flashlamp 14 to the skin. Tlils arrangement should not, however, 
be. ronsiriered limiting. Elliptical reflcuor 16 may be a metallic reflector, typically polished 
aluminum which is an easily machinable reflector and has a very high reflectivity in the 
vjiiiUe, and the UV range of the spectrum can be used. Other barft or coated metals can also 
be used for this purpose. 

Optical and neutral density filters 18 are mounted in huusing 12 near tlie treatment 
area and may be moved into the beam oi uui of the beam to eontrol the spectrum and 
intensity of the light. Typically, 50 to 100 nm bandwidth filters, as well a$ low cutoff filters 
in the visible and uhraviolet portions of the speemim, are used. In some prorftdnrftj; it is 
desirable to use most of the spectrum, with only The UV ponion being cut off. In otlici 
applications, mainly thr deeper penetration. It Is preferable lu use narrower band widths. Tlie 
bandwidth filters and the cuiuff fiUei-s arc readily available commercially. 

Glass tube 15 is located coaxially with flashlamp 14 and has fluorescent maTeriai 
deposited on it. Glass tube 15 will typically be used tor trftatment of coagulation of blocxl 
vessels to optimize the energy etticiency of device 10. The fluorescent niaieual can be chosen 
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10 absorb the UV portion of the specfntm of flashlamp 14 aiid generate light in the 500 to 
650 lun range that is optimized for absorpiiou Iji tlie blood. Similar materials are coated on 
the inner walls of commercial fluorescent lamps. A typical material used to generate "wann" 
white light in fluorescent lamps has a conversion efficiency of 80%. has a peak emission 
wavelengili of 570 nm and has a bandwidth of 7(1 nm and is nseM for ab^torption in blood. 
The few millisecond decay time, of these phosphors Is consistent with long pulees that are 
required for the treatment of blood v^esscls. 

Other shapes oi configurations of flashlamp M such ?s circular, helical, short aic and 
multiple liiiciu* flashlamps may bs used. Reflector Ifi may have other dejdgns such as 
paiabolic or circular reflectors. The light 5«^nrce can also be used without a reflector and the 
required energy and power riftnsity may be achieved by locating light source 14 in close 
pxo3ciinity to the treatment area. 

Iris 20 Is mounied in housing 12 between optical filters 18 and the treatment area and 
controls the leu^lli and the width of the exposed area, i e. by coUimating the output of 
flasliliunp 14. The length of flashlamp 14 contmls the maximum len>^ili tliat can be exposed- 
Typically an 8 cm long (arc length) tube will be used and only the ccntml 5 cm of the tube is 
exposed. Using the central 5 cm assuics a high degree of uniformity of energy density in the 
expoRftd skin area. Thus; ui Uiis embodiment the iris 20 (also called a collimator) will enable 
exposure of skhi areas of a moximum length of 5 cm. Ihe iris 20 may be closed to provide a 
minimum exposure length of one millimeter. Similarly, the widili of the exposed skin area can 
be controlled in the range of 1 to 3 mm for a 5 mm wide flashlamp. Larger exposed arftas 
can be easily achieved by using longer flash tubes or multiple tube-s, and smaller exposure 
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areas are obtainable vrith an iris that moie completely collfmates the beam. Hie px^esent 
invention provides a larger exposure aie^t compared 10 prior art laxcis or point sources and is 
very effective m the coagulation of blood vessels since blood flow intcmiption over a longer 
section of the vessel is more effective in coagulating it. The larger area exposed 
simujjaneously also reduces the required procedure time. 

Detector 22 (Figure 1) is mounted oiitsirta housing 12 and momtors the light reflected 
from the skin. Detector 22 cx^mhined with Optical filtersi 18 and neutral density filters can be 
used to achieve a quick estimate of tlic spectral reflection and absorption coefficient?; of the 
skin. This may be canied out at a low energy density level prior to the application of the 
main treatmenL pulse. Measurement of the optical propftfties of ihe sWn prior to tlie 
application of the main pulse is useftil to determine opiimal iicaiment conditions. As stated 
above, the wide spectrum ct the light emitted from the non-laser type source enables 
investigation of The skin over a wide iipectral range and choice of optimal treatmftTit 
wavelengths. 

In an allcuiativc embodiment, detector 22 or a second detector system may be used for 
real-time temperature measurement of the skin during its exposure to die pulsed light source 
This is uscftil for skin thermolysis applications witfi long pulses in which light is absorbed in 
the epidermis and darmis. When the extenwl portion of the epidermis reaches too high a 
temperature, permanent scaixing of the sMn may result, Tlius, the temperafure of the Skin 
should be measuied. This can be realized using infra-red emi??.<?ion of the heated skiji, to 
prevent over exposure. 

A typical xftal-time detector system would measure the infta red emission of the sidn 
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at two specific waveJencths l)y using twu detectors and filters- The ratio between the signak 
of the two detectors can be used to estimate the instantaneous skin temperature. The operation 
of thft pulsed light source can be stopped if a pre^selecfed skin lempenilure is reached. This 
measuremtjiit is relatively easy since the temperature threshold for pulsed heating, that may 
causowskin scaning is on the order of 50*C or more, which is easily measurable itsing infta- 
red emission. 

Mhe depth of heat penetration depends on the light absorption and i>caitering in the 
different layexis of the skin and the thermal properties of the skin. Another important 
paiaaictcr is pulse width. For a pulsed ligh source, llie energy of which is absorbed in an 
infinitesimally thin layer, the depth of heat penetration (d) by theimal conductivity during flie 
pulse can bft written as shown hx Equation 1: 

d«4[kAt/Cpr^ (Eq. 1) 

where k« heat conductivity of the material being illuminated; 
At the pulse-widtli of thclight pulse; 

C =5 the heat capacity of the material; 
p density of the material, 

It is clear from Equation 1 that the depth of heat penetration can be controlled by the 
pulse*width of the light source* TIws» a variation of pulse-width in the range of 10^ ssec to 10* 
* sec will result in a variation in the thermal penetT:^tton by a lactor of 100. 
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Accordingly, the flashlamp 14 provides a puke width of from 10'^ sec to 10"* sftc. For 
trfiatmcnt of vascular disordftTs in which coaguktion ofhlood vessels in the skin is the 
objective the p^\sit length Is choticn to unifonnly heat as much ot* the entire thicknetiii of the 
vetQftl as possible to acliicvc efficient coagulation, lypical blood vessels* that need to be 
treated in the skiii have thicknesses in the rangft of 0.5 mm, Tlius,, the optimal pulse-width, 
taking into account the themial properties of blood, is on the order of 100 msec. If shorter 
pulses ore used, heat will .^ill be conducted through the blood to cause, coacnlarion. however, 
the instantaneous temperature of pcut of the blood in the vessel md surrounding tuisue will be 
higbftT than the temperature required for coagulation and may cause unwanted damage. 

For trcaunent of external sKn disorders in which evaporation of the skin is the 
objective, a vciy short pulse-width is usM to provide for vcxy shallow thermal pwiRtration Of 
the skin. For examplft, a iO'^ sec puke will penetrate (by thermal conriuctiviiy) a deptli of the 
.order of only 5 mlcioiiiJ into the sMn. Thus, only a thin layer of skin is heated, and a very 
high, instantaneous temperature is obtained so that the external imik on the skin is 
evaporated. 

Figure 3 shows a variable pulse-width pulse forming circuit comprised of a plurality of 
individual puke forming networks (PFN's) that create the variation in pulse widths of 
flashlamp 14, The light puhe full width at half maximum (HWHM) of a flashlamp driven by 
a single element PEN with capacitance.C and inductancA L is approximately equal 
to: 

Ai « ZJJ.Q^ (Eq, 2) 
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Fli«ililainp 14 may be driven by fhree different PFN's, as showi in Figure 3, The. reAay 
contacts Rl', R2' and R3' are used to seleci aiuong three capacitors Cl» C2 and C3 that are 
charged by the high voltage power ^iupply. Relays Rl, R2 and R3 are used to select Lite PFN 
that will be connected lo flashlamp 14. The high volmge switches SI, S2 and S3 arc used to 
discharge the eiicxgy stored in the capacitor of the PFN into flashlamp 14. In one embodiment 
LU L2 and L3 have values of 100 mH, 1 mH and 5 niH, icspectivdy, and CI, C2 and C3 
have values of 100 mF, 1 mK and 10 mP, resipectiYely, 

In addition to the possibility of firing each PFN separately^ which generate; Uie basic 
variability in pulse-widdu additional variation can be achiftved by firing PFN's sequentially. 
If, for KJtample, two PFN's having pulse^width Atl and At2 are fiied, so that the second PFN 
is fued after the firet puke has de«»yed to half of ils amplitude, then an effective light pulse- 
width of this operation of the system will be given by the relation: At ^ Atl Al2. 

'i'he charging power supply typically has a voltagft range of 500 V lu 5 kV. The relays 
should therefore be liigh voltage relays that can isolate these voltages* lellably. The switches S 
are capable of carrying the current of flashlamp 14 and to isolate the reverse high voltage 
generated if the PR^s are sequentially fired. Solid-state switches, vacuum switches or gas 
switches can be used tor this purpose. 

A simmer power supply (not shown in Figure 3) may be used to keep ilie flashlamp in 
3 low current conducting mode. Other configurations can be used to achieve pulse-width 
variation, such as the use of a single PFN and a cmwbar switch, or use of a switch with 
closing and opening capabiliTie<;* 
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Typically, for operation of flashlamp 14 with an electrical pulse-wldch of 1 to lOmcec, 
a liiiciu electrical energy density inpin of 100 to 300 J/cni cdii be used. An energy density of 
30 to 100 J/cm^ can be achieved on the skin for a typical flashlamp bore diamftrftr of 5 mm. 
The use of a ^tx") to 650 nm baiidwidth transmits 20% of the incide.nT energy. Thus, cuagy 
densities on the trkin of 6 to 20 J/cm^ are achieved. Thft incoiporaiion of die fluorescent 
material will foither extend the output radiation in the desired rdJijje, enabling the same 
exposure of the skin with a lower energy input iiilo flashlamp 14, 

Pulsed laser sicin treatment shows that energy densities in the range nf 0.5 to 10 J/cm' 
with pulse-widf hs in the range of 0,5 msec arc generally effective for treating vasculai* related 
skin di.sorders. This range of parameters falls in the xangft of operation of pulsed non-laser 
type light sources such as the linear flashlamp. A few steps of ucuual density glass filters 18 
can also be used to control the energy density on the skiu. 

For external disorders a typical pulse-width of S microsecond is used. A 20 J/cm 
electriral energy density input into a 5 mm bore flashlamp results in an enei^y density on the 
skin of 10 J/anl Cutting off the hard UV portinn of the spectrum results in 90% energy 
transmission, or skin exposure to an energy density of close to 10 J/cm\ This energy density 
is high enough to evaporate ftxtemal marks on (lit skin. 

Device 10 can be provided as two units: a lightweight unit held by a physician using 
hJindle 13, with the hand-held unit containing flashlamp 14, filters 18 and ids 20 that together 
control the spectrum and the size of the exposed area and the detectors that measure the 
/reflectivity and the instantanftnn*? skin temperaiujc The power supply, the PFN's and the 
electrical controls are contained in a sepaiate box (not shown) tliat is connected to the hand- 
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held luiit via a flexible cable. This enables case uf operation and easy access to the areas of 
the skin that need to be treated. 

The invention Im thus fax been described in <tonjunciion with «km treatment 
However, usiii)^ a flashlamp rather than a laser in Invasive ueatments provides advantages as 
well. JPioccdurcs such as lithotripsy or removal of blood vessel blockage may be perfonried 
with a floshlamp. Such a device may be similar to that shown in Figirrfts 1 and 2, and ijiay 
use tlie electronics of Rgurc 3 to produce the flash. HowevpT, to properly couple the light to 
an nptical fiber a nuxnbcr of couplers 40, 80 and ^0 are shown in Rgures 4 and 8-10, 
respectively. 

Coupler 40 includes an optical source of liigh intensity incoherent and isotropic pulsed 
light such as a linear flash tube 42. a light leflcctor 44 which delivers the light energy to an 
optical fiber 46. The latter has a generally conical edge in the ftmbodimenr of Figure 4. 
Optical fiber 46 trdujifers the light from light collection system 44 lu the treatment area. In 
general, coupler 40 couples pulsed light from a flash tube Into an optical fiber and has 
applications in medical, industrial and domestic aicas. 

For example, coupler 40 may be used in material processing to rapidly heal or ablate a 
portion nf a material belnjj processed, or to induce a photo-chemical process. Alternatively, 
coupler 40 may be used in a photography application to provide a flash for picture taldng. 
Using such a coupler would allow the flash bulb lo be located inside the camera, with the 
light transmitted to outside the camera umx^ an optical fiber. As one skiifed in the an should 
recognize coupler 40 allows ilie use of incoherent light in many applications tliat coherent or 
incoherent light hu^i been used in the past* 
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To provirift for coupling die Hglit to an optical fiber, flash tube 42 has a toroidal shape, 
showTi in Figures 5 and 6, aiid is disposed inside reflector 44. In addition to the toroidal shape 
other shapes, such as a continuous heUx, may be used for fla.'^h tube 42, However, a helical 
lube is more difficult to manufacture than ^ toroidal tube. Referring now to Figure 6, flash 
tube 42 is generally in the shape of a tours, but is not a perfect tours since the electrodes 
located at the end of the louis have to be connected to the power source. 'Jhis does not create 
a significant disluibancc in the circular shape of flash tube 42, since the connection to dw 
elccuodes can be made quite small 

Reflector 44 collects and roncentrates the Ughr, and has a cross*scction of substantially 
an ellipse, in a plane pftrpendicular to the umioi axis of the toroidal flash tube 42. The major 
avis of this ellipse preferdbly fonns a simall angle Vf^ith the major axis of toroidal lamp 42- 
The exact value of die angle between the ellipse axis and the main axis of lamp 42 depends 
ou Llic Numerical Aperture (NA) of the optical fiber. The toroidal flash lubc is positioned so 
that its minor a^tis coincides with the focus of the ellipse. The oilier focus of the ellipse is at 
the edge of optical fibex 46. Reflector 44 may be machined from metal with the inner 
surface polished for good reflectivity. Aluminum is a veiy good reflector with high 
reflectivity in the visible and ultraviolet wavelengths, and it may bft )i5ied for this purpose. 
The reflecioi can be machined in one piece and then ctit along a surfece perpendicular to the 
main axis of the device. This will enable integration of the lutoidal flash tube into the device. 

As shown in Figure 4, the edge of oplical fiber 46 is a cone with a small opening 
angle, so thac the total area of the fiber exposed to the light from tha flash tnbe is increased. 
Refening now to Figure 7 the geometry for coupling light into a conical lip is shown. It is 
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assumed here that tbft light comes ftoni a region in space with a refractive inrtftx of n and that 
the conical section Of the fibcx (as well as the rest of the fiber corft) has a refractive index of 
nL 

Not all the light rays hitting the cone are trapped in it. For light rays that propagate in 
a plfyae that contains thft major axis of the sy&tem, a condition can be derived for the angle of 
a ray that will be trapped and absorbed in the fiber This condition is shown in 
Equation 3. 

Sin (Rctiti) ^ ^-'^^^^^ - - 13''' Sin(|3) (Eq, 3) 

.1 j£ht will be napped in the conical portion of the optical fiber if the incidence angle 
(1 is larger than [i^^ calculated from Equatbn 3 Stepping is possible only if nl>n2. If the 
medium outside of the fiber is air, n2= J . 

Not all of the light trapped in the conical section of the fiber will also be trapped in 
the straight portion of the fiber If a fiber widi a core and a ebdding is used. If a fiber with a 
core and no cJ?idding is used (air cladding), then all the rays captured in the conical section 
ot the fiber will abo be trapped in the straight section of the fiber. 

Tlic configuration sho\\Ta in Figure 4 can also be used with a fluid filling the volume 
between the reflector and the optical fiber, A very convenient fluid for this purpose may be 
water. Water is also very effective hi cooling the flashlamp if high repetition race pulses aie 
used. The presence of a fluid reduces the losses that are asscociated with glasb lo air 
transitions, such as the transition between the flashlamp envelope material and air. 
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If a fluid is used in the reflector volume, ihcii iis rcfiactivc index cai; be chosen mch that all 
the rays tmpped in the conical secrion arc also trapped in the fiber, even if corc/claddiiij^ 
fibers aie used. 

Another way of configuring the fiber in the reflector is by using a fiber with a flat 
edge, ZHu.^ configuration is shown in Hgure 8 and lias napping efficiency very close to the 
dapping efficiency of the conical edge. Majiy other shapes of the fiber edge, such as sphciical 
shapes, can also be used. The cuiifiguration of the fiber edge, also has an effect on the 
distiibufion of the lifilu on the exit side of the fib«r and it can be chosen in accordance with 
the specific application of the device. 

The device may be used with a variety of optical fibers. Single, or a small number of 
niilliincter or sub-milUmeter diameter fibers, will typically be used in invasive medical 
applications. In other applicaiions, particularly in industrial and domestic applications, it may 
be preferable lo u:>c a fiber having a larger diameter, or a larj^cx bundle of fibers, or a light 
guide. 

According to one embodiment flexible or rigid light guides are used to couple the light 
to the treatment area. Flexible light guide:* made from a bundle of quart?, or other glabS fibers 
that arc fused together by heat at the edge of the bundles. The bundles may be ciicular, 
rectangular, nr any other useful shape* Rigid light guides may be made fiom quartz, acrylic, 
glass, or other materials having a high degree of transparency. The material is generally 
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highly polished on all sides. 

A typical cross section of a circular light guide useful for therapeutic ucatment is one 
mm to ten mm in diameter. Alternatively, a rectangular light guide may be used having 
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cypical dimensions of 3 nan by 10 mm to nrni by 100 nun. lit either case the length may 
be 20 to 300 nun, or as needed for the specific application. 

Accordiiig to another ahemativc embodiment a rectangular light guidft is used to more 
efficientJy couple the light. Tlie rectangular light guide is chosen tn have a shape that matches 
a rectangular linear flasMamp and to match the shape of the vessel being ticated, 

nic light guides described above may be used in anodici alternative embodiment to 
control the spectrum of light delivered to the licatmcnt area. Spectral control can be achieved 
by making thft light guide from u material that had an absorbing dye dissolved therein* Hius, 
light transmitted by (lie light guide will have a spectrum in as determined by die absorbing 
dye. Altcinativdy, a flat, discrete filter may he added Co one end (pieferably the input end) of 
the light guide. Both of these filtftrs are^bsorbing fillcis. The inventors have found that 
absorbing filters prodnced by Schott, haviiig Model Nos. 0G51S, 0GS5Q, and 
00590 have suitable diaiacteristics. 

Additionally, interference filters or reflective coatings on the light Kuide may be used 
by iipplying a proper optical coating to thft tight guide. Again, a single discrete interference 
filter could also be used, Addition^^lly, combinations of t]ie various filters described herein, or 
other filters, may be used. I'hft use of the filters described here may render die use of thft 
filters described wjtlier with reference to Figure 1 redundant. 

An altMnative embodiment cntaib the use of application specific light guides*. In this 
way the ijpectra of light for various treatments can be easily controlled. According to this 
alternative each type of treatment will be perfonncd with a specific light guide. 

* The optlr.al properties of the liftlu guide will bo chosen to optimire the particular 
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ueatmcnt. The wavelengths below are particularly useful fut the respective treatments: 

aneries less than 0.1 mm in diairieici - 520-650 nm 
veins less than 0,1 mm in Jiametcr - 520-700 nm 
vessels between 0,1 and 1.0 mm in diameter * SSO-UXHl nm 
laigei* vessels - 600- 1000 nm 

In each a^^e. if tlie Skin is daikei' (higher pigmentation) longer wavelengths on die 
lower nit-off portion of tlic spectrum should be used. 

Multiple spectra may be used for optimal penetration. This may be accomplished by 
illuminating with a few pulses, each having a dlffeicm spectrum. For example, the first pitl,«?, 
can have a spectrum f hat is highly absorbed in blood. This pulse will coagulJ»tft the blood, 
thexfthy changing the optical properties of the blood, making it more absorbing in aiiuiher 
wavelength range (piefcrably longer). A second pulse will be more efficiently absorbed since 
the blood absorbs energy of a greater waveiftngth range. This principle may be used with 
lasers or other light sources as well. 

In addition to the features of the light guides discussed above, a light gnirie is used, in 
one altemadve embodimenr, to cunirol the angular distribution of the light rayj!; impinging un 
thft sicin. Light that impinge^' Oii the skin at large angles (relative to the perpendicular) wfll 
not penelx-dLc very deeply into tlie tissue. Conversftly» light that impingeii pcipendicularly to 
the skin will have a deeper penwration. Thus, ir is desuaUe to provide a distribution of light 
rays that has a rftlatively wide angular divergence when the treatment requires shallow 
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penetration. Alternatively, a nJirrow divergence is preferable for treatment requiring deep 
penetration is dcsirpd. Some treatment might require both shaIlo^w anri deep penetration, 

Hijnire 15 shows ii light guide 115 having an ex\t beam with a greater angular 
divergence than that of the entrance beam. Ak shown In Kruic 15, a beam 116 enters light 
guide 4 15 at a small angle, relative to the axw of light guide 115, When beam 501 exits light 
guide 115, the angle, relative to the axis, is much greater. The tapered shapft nf light guide 
115 enhances this divergence. 

Figure 16 shows a itiaight light guide 118 that maintains the anguki distribution of 
the rays of lirfu tliat enter into it. A beam 119 is shown entering and exiting light guide 118 
wiGi tlie same angle, relative to thft axis of coupler 601, Alternate use of both light gtttdes 
115 and 118 can acluevft the narrow and deep penetration discussed abnve. Alternatively, che 
user can seJftct the type of coupler according to the depth ot* penetration needed for 
the treatment beijiig performed. 

Figures 9 and 10 show a coupler 90 for coupling a linear flash tube 91 through a 
linear to circular fiber transfer unit 94 to a fibci bundle 96. A reflector 98 has an elliptical 
cross-section, shown m Figure 10, in a plane parallel to the axis of Hnear flash tube 92 m this 
embodimftnt. Tube 92 is located on one focus of the ellipse, while the linear side of linear to 
circular bundle cojiverter is located at the other focus of the ellipse. Tliis configuration 5s 
reklivcly simple to manufacture and commercially available linear to circular converters <n7ch 
as 25-004-4 available from Oenftral Fiber Optics may be used. This configuration is 
particularly uscfiil fnr larger exposuie areas of the fiber, or for flash illumination puiyoses, 

The energy and power densities that can be acWftved by this invention arc high 
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ftnougI\ to get tlie desired effects in surface treatmeiit or medical applicaUoiis. For the 
embodiiiidit shown in Rgure 4 the total enftrgy and power dwisiiies can be estimated as 
follows. For a typical toroidal lamp with a 4 nuii bore diameter and a major diameter nf 3,3 
em an electrical linear energy densiiy input of 10 J/em into the lamp can be used with a 5 vi 
sec p-4iLse width- The light output of the lamp will be 5 to 6 J/cm for optimal electrical 
operating conditions. For the reflector shown in Figure 4, 50% uf Lhe light generated in the 
lamp will reach the lower focus. Ihns, a loiA energy Ilux on the focus of 25 to 30 J may be 
obtained. For embodiments shown in Figure 4 or Figure 8 the total cross-section area of 
reflector at the tbral plane has a crobii-section of 0.8 cm^ Energy densitift5: on the order of 30 
to 40 J/cm* at the entrance to the fiber should be attained with this cross-section. Tliis 
corresponds to power densities of 5 to 10 MW/cm*, which are the typical power densities 
used ill medical or material processijng applications. 

For longer pulsft.<5, higher linear elcculcal energy densities into the lamp can be used. 
For a 1 m.?ftc pulse to the flarfi tube a linear electrical energy density of 100 J/cm can be 
ni5ftd. The coirespouding energy density at the focal area would be up to 300 J/cml Such 
energy densities are very effective in industrial cleaning and processing applications as well 
as in medical applications. 

Alternative ftmbodiments for coupling the optical fiber to an extended light source 
such 3S a linear fiashlamp me shown in Figures II and 12, In thft embodiment of Fit^uie 11 
an optical ftbei 101 is wound around a lamp 102 and a lamp envelope 103. Some of the light 
tliat is produced by the light source is coupled into the fibci. If the light rays are propagating 
in tlie direction that is trapped by the fiber ihcu tliis light will propagate in the fiber and it 
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can be used at a fiber otitpiit 104, One limitation of thi:> cujinguration is the &ct that most of 
the light emitted by lamp 103 uavels in a direction perpendicular to the surface of lamp 10'^ 
and cannot be uapped in fiber lOL 

The embodiment shown in Figure 12 overcnTnas this problem, A doped optical fiber 
ICS wound around lamp 102 and envelope 103, rather iJiaji an undoped fiber such as fiber 
101 of Rgme 11. 'ITie dopant is a fluorescenl maietial which is excited by the radiation 
emanating from lamp 102 and radiates light inside the fiber. Hiis light is radiaterl 
omnidiieciionally and the part of it that is within the critical angle nf fiber 103 is trapped and 
propagates through the fiber and can be used at fiber output 104. The angle of lislit Uiat is 
trapped in the fiber is the critical single of the material from wliich the optical fiber or optical 
wave guide is marie. For a fiber (or opcical wave guide) in air this angle is given by sin a = 
l/n. 

Typically for glass or other transparent materials n = 1 .S and a - 41-8**. This 
corresponds to a trapping efficiency of more thf^n 10% of the light emitted by fluorescence 
inside the fiber. If we assume n S0% efficiency of the fluorescence process* we find out that 
more than 5% of the light produced by the lauzp is trapped and propagated down the fiber. 
For example, a 4" laiiip wiili a linear electrical energy input of 300 J/inch and 50% electrical 
to li^ht conversion efficiency would couple 2.5% of its electrical energy into the fiber. Tliib* 
corresponds, for the 4" lamp case to a total light energy of 30 J of liglu. Tliis embodiment 
has the additional advantage of transferring the wavdciij^lh eniittcd by the lamp to a 
wavelength that may be more useful in some of the therapeutic or processing applications 
menriaiicd before. Thus, fluorescent material doped in the fiber can be cho<5en in accordance 
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with an emisswu wavelength determined by the specific application of the device. 

One alternative embodSjnftnt includes the u^e of a gcl to couple the light to the skin. 
This alternative rednrft5; heating of die cuter layer of the skin (the epsriermis and upper layers 
of the dermis). Tlie gel is pieferably a high viscosity water based fiel and isi applied to the 
skin before treatineut, although other gels that arft not necessarily water based may be used, A 
gel liaviiig a relatively high heat capacity and thermal conductivity, such as a water basftri gel, 
is preferable to enable cooling of the outer skin (the epidermis in particular), Transparency is 
also desu^ble because dmlng treatment light passes through thft transparent gel end reaches 
thft sldn. 

Refeirluji now to Figure 13, a gel 110 is applied to the skin 21 prior to the treatment. 
A flat layer of gel on top of the skin is used since Irregulaiitics in the upper layer of tlie gfti 
through wliich the light passes may cause scaticung of the light and reduce its penetration 
into the skin. In order to achieve this flatness a solid, transparent, flat piece 111 may be 
appliftd on top of the tikin. The configuration is shown schematically in Figure 13, The 
transparent plaie caii be made out of glass or other transparent maieriak*. Either the flashlamp 
housing oz die light guides discussed abovft may be placed ia dkect contact with the 
transparent plate. 

The configuration of Figuie 13 has the advantage of reducing the scatteiini? of light 
(rftpresemed by airowi? 113) that enters into the skin duft to irregularitieii la the surface of the 
skin. The skhi has an index of refraction that is larger than thai of tlie air. As a result, any 
photon that impinges on the air skin interface is deflected if it does not hit the skin at ^n 
incidence angle of 0'. Since the surface of the skin is irregular the angular distribution of the 
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ekin increases. J his is shown sclicaiatically in Figure 14. 

'Itie use of gel addiesscs this problem dnce the gftl can fill irregulai voids that axe 
created by Uie skin structure. Hie transparent plate that covers die gel and the gel itself will 
pieferably have an index of refracfion tliat is close lu that of the aldn. This is relatively fta5?y 
eince the inde^ of refraction of ihc skin is of the order of lA in thft visible and the near 
inficared: Most glasses and transparent plastics have indices of refraction tliat aie of the order 
of 1.5 whicli is close enough. The index of reiiraction Of water is of the order of L31 in tiiis 
range. Water based gels will have similar indices of fefiaction. The index can be mctesiseA by 
proper additives. The pl^ite and gel thus act as a flat surfoce for the light to impinge upon, 
Because the gei and plate have an index of refraction close to that of the skin there is very 
little scattering at the gel-plate and gel ?kin interfaces. 

The use of a gel has been experimentally successful in llie treatment of leg veins and 
otlitsi* benign vascular lesions of the sWn. The treatments >verc carried out with the flashlamp 
described above. However, in alternative embodiments a different incoherent sourr^,, or a 
coherent source, may be used. 

During operation light U typically applied to the skin in a sequence of three pulses 
with short delays between the pulses. This mode of operation Is used ui order to take 
advantage of the faster cooling of the superficial, thin (less than 0,1 mm thick) epidermis 
compared to the larger and deeper vessels typical of leg veins. The gel in contact with the 
sHn cools the ftpidermis during tlie waiting period between the piil?;es. This cooling leduces 
significantly the damage to the epidermis. 

Ill accordance with the invention, light is applied to the treated area in either a long 
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pulsft or in a sequence of pulses scpoiated by a delay. 1lie delay and/or pulse length is 
preferably coiiirolled by the operator to provide enoush heai to accomplish the dewred 
Ueatzncnt but not enough heat to damaje the sldiu 

This concftpt was tested wiili large and deep vessels (of the nnler of 2 mm In diaincler 
and 'iyTtim deep). A llmi layer of coimnwcial water basftd ultrasound gel (1 to 2 mm thick, 
"Aqua clear'' gel made by Parker USA) was applied on the skin, A Inun thin gloss window 
was used to generate a flat layer of the gel. Ihe light from the device passed through the thin 
glass and the gel and into the skin. Que was taken to assure than no air hubbies exist in (lie 
geh This configuration was tested with photon fluences of 30 to 50 J/cml Coagulation and 
clearance of the vessels was obtained without censing damage to ihc skin. This is contrary to 
similar trials in which gel was not used 'flnd in which flueaccs of 20J/cm: with the same pulse 
structure eaused bums of the $ktn. 

The epidermis has a thickness of approximately 0,1 mm and a cooling time of about 5 
msec. Thus, to avoid burning delays greater than 5 msec^ are usftd. 

In another alternative embodiment the spectrum of the light used foi treatment is 
cqnrroUed by cuua-oUmg the voltage and/or current applied to the fla&hlamp. As is well 
known in the ait, the spectrum of light produced by a fladdamp is dependent on the voltagft 
and cuxrent provided to the tlashlamp. Accoiding to this embodiment the input voltage and 
current is selected to provide a desired treatment spectrum. The appropriate voltage and 
currents may be detcmiincd experimentally for each flashiamp used. 

For example, a flashiamp current of 200 mips produced the spectra shown in Figure 
17- Similarly, the spectt?^ of Figure 18 was produced using a flashiamp current of 380 amps. 
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The spectra of Figure 17 shows a significant enhancement in the wavelength range Of 8(X)- 
1000 nm. Such a spectra is paiticulaily useful for treatment of large vessels. 

Tha different currents and voltages used to control the output specua may be obtained 
Ui^ing a group or bank of capacitors that are capable of being cuimectcd in cither series or 
parallel as part of the power source for the flashlanip. A series connection will provide a 
relatively high voltage (*nd high current, ilicieby producing a spectra havmg energy in a 
shorter wavelength^ such as 500-600 nm. Such a series connection will be more appropriate 
for generating shoiici pukes (1 to 10 msec, e.g.) useftil for treatment of smaller vessels. 

A parallel cotmection provides a lower current and voltage, and thus produces an 
output spcctm of a longer wavelength, such asi 700-1000 nm. Such a spectra is more 
appropriate for treatment of larger vebsiejs and is suitable for producing longer pulses (iii llie 
range of 10-50 msec, e.]j.)* The selection of series or parallel connections may be done using 
a relay or setsi of relays, 

Jsi one alternative embodiment the pulse forming network of Figure 3 is replace-d by a 
GTO driver circuit 121, such as that shown hi Figure 19, The driver circuit of Figure 19 uses 
a switch capable of being turned both on and off to control the application of power to the 
fhsUamp. While this alternative eriibodiment will be described with respect TO a GTO being 
nsftd as the switch, utlier switches copable of being nimed both on and off, such as IGBTs, 
may also be used. 

Referring now to Figure 19, driver circuit 121 includes a high voltage source 122. a 
capacitor bank VjS, an inductor L5, a diode D5, a switch GTOl, a diode D6» a diode D7, a 
re^i-^or R5. a capacitur C6, a GTO trigger generator TKl, a resistor R7, a capacitor C7 and a 
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flaslitube trigger generator TR2. 11iese component^- axe connected to flashlatnp 14 and serve 
to provide the power pulses to flasMamp 14, The duration and timing of the pulses are 
provided in accordance willi the description herein. Driver 121 operates in ihe manner 
described below^ 

Higli voltage source 122 i$ connect^-d across capacitor bank C5, and cliarges capacitnr 
bank C5*to a voltage suitable for application to flasihlainp 14« Capacitor bank (.!5 may be a 
comprised of one or mora capacitors* and may be configured in the manner desaibed above* 

Prior tn illumination of flashlamp U flaehiube trigger generator TR2 breaks down 
flashlamp 14 and creates a relatively low impedance channel tlicieln. After the flashlamp 
breaks down, capacitor C7 dumps currftnt into flasMainp 14, farther creating a low impedance 
channel in flashlamp U. Jn this manner a pie-dlscharge is provided that preparies flashlamp 
14 for the power pulse. Capacitor C7 provides a small amount nf current, relative to capacitor 
bank CJi. Alternatively, driver circuit 121 may opej-aTe in a Simmer mode, wherein the pre- 
discharge is not necessary. 

Tliereaftcr, switch GTOl is turned on via a pulse from GTO trigger generator TRl, 
completing the circuit between flashlamp 14 and capacitor bank C5, Thus, capacitor bank C5 
discharges through flashlamp 14. An inductor L5 may be proviried to conuol tlic rise time of 
the current through flasldamp 14. Inductor L5 may include an Inherent lesistivc component, 
not shown* 

After a length of time deteimined by the desired pulse width has passed, (Jit) trigger 
generator TRl provides a pulse lo switch QTOl, turning it off, A control circuir deieinuiies 
the timing of the trigger pulses and provides them in accordance with the deijhed pulse widths 
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and delays. 

A snubber circuit coinprised of diode D6, Tcsistor R5, and a capacitor C6 is provided 
for switch GTOl. Also, diodes D5 aiid D7 axe provided to proTect switch QTOl from reverse 
voltages. RftiJidtor R7 is piuvidcd in parallel with flashlamp 14 to measure the leakage current 
of switch QTOl, which can in turn be used to make sure that switch GTOl is operating 
properly, 

A possible addition tn driver circuit 121 is to provide an SCR or other switch in 
parallel with capacitor bank C3, Tliiji* allows the discharge or resetting of capacitui bank C5 
without turning on switch QTOl. Other modifications may be made, such as providing the 
circuit with a sctial trigger, rather than the p;jrallel trigger sliuwn. Another modification is to 
u^ie the driver circuit with a lasftf rather than flashlamp 14. 

Proper use ot piilse widths and delays can aid in avoiding burning the epideniiis- The 
epidenrjs has a cooling tiine of about 5 msec, while lar£e vessels have a longer cooling time 
(a I mm vessel lias a cooling time of about 30U msec). Thus, duiing a pulse of duration 
longer iliaji 5 msec tlie epidemiis can cool down but the vessel will not. For example, for 
treatment of a large vessel (stmh as one having a diameter of about 1 nun a p^tlse of 100 msec 
will allow the skin to cooL but the vessel -"vill not cooL 

Thft same effect may be achieved using trains of pnises. This is useful when it is not 
practical to piuvidc a single long pulse to th^ tiashlamp. The delays between pulses are 
selected to allow the skin to cool, but to be coo short for the vessel to cool Thus, largar 
vessels can be treated with longer delays because they have greater cooling times. Small 
vessels cool quickly and long delays are not effective. However, they also need less energy 
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and can be treated effectively in a single pulse. Typical delay times are in the range of 20 
msec to 500 ms«5. More specifically, delays of between 100-StH.) msec are effective for 
veA^eAs larger than 1 uim in diameter. 

Delays of between 20-100 msec are effective for vessels between 0.5 and 1 mm in 
diameter. Delays of between 10-50 msec are effective for vessels between 0,1 and* 
0.5 mm in diameter. A single pulse having a width in the range of 1 msec to 20 msec in- 
effective for vessels less than 0.1 mm diameter. 

Additionally, delays should be selected according to skin pigmentation. Darker skin 
absorbs more energy and needs more time to cool: tliU5- longer delays are needed- Lighfar skin 
absorbs less energy and can accommodate shorter delays. 

It has been .toimd that multiple pulses avoids "purpora" or the explosion of small 
vessels in or close to the skin. The use of pulses to avoid hnming and provide cooling will ba 
effective for lijila provided by lasers or other sources as well. 

Another alternative embodiment includes llie use of a microprocessor or personal 
computer to control the flashlamp. Tlie microprocessor can be used to provide the timing; 
functions and prompt the trigKci signals described above. Additionally, in one embodiment 
the microprocessor includes a user interface, such as a screen and keyboard, buttons, mouse, 
or other input device The microprocessors have information isloicd therein that aids in the 
selection of treatment parameters. 

For example, if the nnndition being licatcd is a port wine stains skin type III, the 
physician inputs that condition iniu the microprocessor. Tl^e microprocessor respondji with 
sugS^^^ed treatment parameters, such as using a 570 nm cut-off filter, a double pulse with a 
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delay of 50 msec and a fluence of 55 J/cm*^ Tlie physician can alter the^e suggested 
parameteii, but need not refer back to opciating guidelines for siiggesied paiamcters. This 
alicuiativc may be used with light sources other than a flasWamp* such as UV or a pulsed 
laser, 

j» 'Ihese output parameters arc shown on a display such as a screen or printer, and 
include the outputs discussed below, This will aid the physician in detennining llie proper 
treatment and in learning how to effectively use such devices. In one embodiment the 
microprocessor output on the display shows a simulation of interaction of light with skin and 
vascular lesions, oxygen concentration and temperature distribution in malignant tissue 
being illuminated for the purpose of cancftr by a flashlamp, or processes occnning in sWu 
resurfacing using infrared lasers or other sources. 

A program within, the microproc^sor (or alternatively an analog circuii) models 
intcmction of Ughf with tissue and vessels. Many programs may be used to cany out the 
modeling, md in tlie picferrcd embodiment the toUowing input parameters are used: light 
source type (Ilashlamp or pulsed laser e.gO: number of output curves (M ft.g.); skin type; 
vessel diameter and depth; blood type (oxy or deoxy-hcmoglobin); pulse duration; delay 
between pulses; energy tliience; type uf filter, short or long pulse mode; \s a gel being used 
and its temperaturft. For a pulsed laser the wavelength is an input {400-1064 nm e,g.)' 

ITift microprocessor and the screen show the foUowiuj^ information in one. 
emhodiment: temperature distribution in the tissue and in the vessel at the end of treatment; 
graphs of up to four curves to nompare dlfferait light sources or treatment regime. 
Alternatively, the outputs cmM be printd rather than shown on a 
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screen. 

(.)ne skilled ui the art wiB recognize tlmr nuiwy microprocessor routines may be used to 
implement die invcntioxt The routines may model the interactions in many ways, and one 
such model for single dimensional lii^ht interaction with a tissue uses Uic following empirical 
expression for fluence: 

F-F(0)exp(-x/d) 

where d * l/fi^ and 

Where ji, is an absoxption coftfficient of dermis, k a scattering coefflcieut of 
demiisi, and g is the anisotropy facror wlilch is defined as average cosine of scattering angle 
for one scattering ftvent- 

F(0) wiis calculated in accordance with Diffiision of Light in Turbid Material^ A. 
Ishimant, Applied Optics, 1989 Vol 28 No. 12, pp 2210-2215, but an empirical correction 
depending ou wavelength is added: 

F(0)-*Fo(640/W)*'^ where W is a wavelength. 

J .ight relaxation time in the tissue is significantly less than the tempexature relaxation 
time and li^^ht pulse durations used for treatmeni of skin lesions, therefore a scatiooaiy model 
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for dcsaiption of light penetration Into the tissue was used. TShimaru's liydrodynamic model is 
suitable for calculating of F(0). Accordingly to this model, the diffuse energy fluence rate tjf j 
satisfies the following diffusion equation: 



Q - 3y, (Yx + gYjFo exp(-t) 

Y.« Y.d-g) 'Y, 
Yi- Y» + Y, 
T - / Y, ds 

where Fo is the uicident energy beam. Scawftring and absorvtion coefficients are funeticms of 
waveleiijjili. The total energy fluencft rate is given by 

Hiis equation was calculated ra:merically with the corresponding botindaiy cwiditions. 
The boundary condition for ijr^ at the surface iUuminated hy the incideul intensity is 

I'd * 2/3y, • ^^ * 2y, gF,/Y. - 0 
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Temperatute distribution behavtor iii tlie tissue is described by solution of the i*D heat 
conductivity equation in pUuiai geometry for near epidennis are^ 



with initial and boundary condilioiis 

H^e p is tlae d^isity of tissue, .c is the specific heat and X in the heat conductivity 
coefficienl. Hie thermal properties of water were as.s)inied for the ihemial pioperties of tissue, 

A heat conductivity equation is calculated in cylindrical geometry for near vessel area, 
where the cmter of the cyliiuJer was chosen as point with maximal temperature. 



pc dvm " A d^T/dx^ + 1/r • SfT/dx » 



As one skilled in the art should recognir.e other models may be used as well 

The microproc^.5sor or personal computci can also be used to create and store patiemt 
informafinn in a database. Thus, past treatment information such as condition beang treated, 
ireatment paiametcrs, number of treatments, etc is stored and may be recaUed when the 
paticm is again treated. This aids in providing the proper tieatiucut lo the patient 
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Additionally, the database may include photographs of the patient's condition before and after 
each treatment. Again, this aids in record keeping and deteraiining what treatments aiC most 
.^iccessftQ for given conditions. 

In addition to the txeatment^ described above llie devices and inethodG described herein 
may b& used to treat other conditions. Fur example, psoriasis and warts have been 
successfully treated. Similarly, skin rejuvenation (treating winkle."?} should be effective, The 
inventor further contemplates using this invention fo treat hemorrhoids, iluoat lesions, and 
Kyuecological problems associated with vascular malforuxatlons- In addition, hair depilation 
can also be effected, 

la the u$ft of haii depilation ui accordance with the present invention, hair is rraioved 
by eYpo55ing the "hairy" aiea to intense, <vide area, pulsed elftctrcmagnetlc (light) energy. The 
energy heats Uic hair and coagulates the tissue around the hair and follicle without danrnging 
(lie healthy skin. 

An optically tran-sparent water based gel may be applied to the skin prior to treatment. 
As used herein gfti means a viscous fluid that is preferably, but not necesjiarily water based. 
The gel is used to cool the epidermis which is the primary location of light absorption by 
tissne, due to the melanin content of the epidermis. The gel ts applied so as not lo penetrate 
into tlie ^;avity generated by the hair follicle, and thus does not cool the hair and the hair 
follicle. As a result the energy is selectively applied to coagulate the hair without damaging 
the skin. 

It is desirable that a spatially dispersed field of light he used for treatment of the sldn, 
in accordance with the invention. By spatially di<^rsed, it is intended that the field of light 
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be spread over an extended area, as would be appaieiit fiom the teim to one of ordmaxy sidll 
in the ait. Accordingly, any apparatus or combination of elements suitable for producing a 
dispersed field of light on the skin, as opposed to a narrow beam of light on the sWn, can be 
used. 

A polychroniatic light source, such as a high intensity poised flashlamp, is an example 
of a source suitable tor the purposes described lutein. One advantage of a polychromatic 
source such as a flashlamp is diat energy having a wavelength in the range of 550 to fiBOmn 
Is heavily absorbed in blood and can be used to coagulate thft vessel that feeds the hair. 
Additionally, longer wavelengths, in The range of 600 to llOOimi have a very good 
penetration into non-ptgmented sMiL This wavelcnstli range can be used to couple to the 
melanin of the hair. The higher pigiiicaiation of the hair and the hair follicle can enhance the 
absorption of energy by die hair. 

Flashlampg also have the advantage of being able to illuminate a large area, dius 
minimizing the treatment time. The flashlamp combined willi a proper reflector can deliver 
the required fluences to areas on the order of a few square centimeters in a single application. 
However, other light sources, such as puked lasers can be used as well 

*» 

Referring now to Figure 20, a schematic drawing of a cross section of a hair follicle 
200 in a dermis 202 is shown. As may be seen in Figure 20, a gel applied 10 an 
epidemiis 204, In the present invention, water ba^eri transparent gel 203 is applied to a large 
section of the skin that is covered by hair, such as halt 205. Gel 205 is applied to epidermis 
204 and creates a thin layer on top of epidermis 204. Tliis layer is closely coupled to 
cpidermiR 204 and acts as a heat sink that cools epidermis 204 when light (electromagnetic 
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energy) is applied to the area. As may also be sceii in Figure 20, gd 203 does not penetrate 
into a cavity 206 fonned by hair fulllcle 200 due to its surface tension properties and the feet 
thai the hair is naturally covered by a thin layer of fatty material which makes li hydrophubic. 
Hic much higher heat diffijsivity of gel 203 comparftd to that of air whidi fills cavity 206 
cnablcs^fast cooling of epideiraiis 204, represented by arrows 207, while hair 205 is cooled at 
a much slowex met. 

The cooling time - 5t of an object that has typical dimansions d and dlffusivity - a 
can be written as: 

at^dVlfitt 

The epidenrus has typical cross dimeiii;ioi,:is of less than 0.1 mm, which is also the typical 
diameter of hair. Tlxc diffusivity of water is approximately 0£«3xKl''*m''s:ec"^ 

TIic gel is applied, in the manner shown in Figure 20, over a wide area. Wlien the gel 
is so applied the typical cooling time of the hair will be on the ordei" of 200msec and that of 
the epideimis will be on the order of 5msec. This diffcience in cooling times is due to the 
fact that thft gal does not penetrate into die hair follicles. It is preferable to tise a tiansparftnt 
gel since the gel acts oidy as a cooling agent and should not be heated by thft external 
illumination* 

In accordance with the invention, light is applied to the treated area in eidier a long 
pulse or in a sequence of pulses separated by a delay. The delay and/or pulse length is 
preferably controlled hy the operator to provide euougli heat to remove the hair but not 
enough heat to damage the skiiL For example, the pulse length or delay between the pnl.v-s 
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should be more than the cooling lime of tlic gel covwcd cpidennis and less than the cooling 
time of the h?»ir and follicle. Thus, referring to the above discussion on cooling times, a puUTt 
lejngth of 50msec if a siiigle pulse is used or a delay of SUm^sec between the pukes if a pulse 
sequence is used arc appropriate values. Thft spectrum of the light source may be selected 
with reference to the absojptton by the sldn» by the hair and by the blood vessels feeding the 
hair* For example, thft hair follicle has typical a depth of 1 to 2 mm. It is preferable, 
therefore, tn use a light wavelength range that can penetrate into this deptli wichour very liigli 
attenuation. 

Figure 21 is a graph showing thft scattering. absorpUuii and effective attwiuation 
coefficients in fair skin dermis and the absoiptiou coefficient of blood in the 400 to lOOCtem 
range. Because a wide area is illumiiiaii^, rather than a single hair, it is prefftrahle to use a 
wavelength range ihat penetrates into the skin without being highly attenuated. The skiix 
aUOT.uation coefficient controls the depth of penfttration of lighi into the skin. As may be seen 
in Tigurc 21 wavelengths that are longer than 550iiin mil be more effective to penetrate deep 
enough into the skin. Shorter wavelengtli^ are less desirable because they will be highly 
attemiate^j before reaching the lower parts of the hair follicles. 

Wavelengths significantly longer than l,OOQmn are aJsn less effective due to lugh 
absorption of infrared in water which constitutes more than 70% of sldn. Wide area photo 
thermal hair removal of the present invention preferably ust:^ light that can pcnetmte deep 
into the skin, since light is ccuple/l to the hair and llie hair follicles only after it penetrates 
through the sJdn. Most of the speciium of light at wavelengths longer than l,'^(X*)nm is heavily 
absorbed In water and will be less useful because it does not penetrate very deep into die 
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skin. For example, CfJj laser radiation In the lO,OOQnni range penetrates only a few tens of 
microns into die skin. 

RefeniiiR now to Figures 22 and 23, one preferred embodime.nt of hair lemov©: 300 
incltidcs a flashlamp 301 located in a hoiisitig :{02 having a handle. The fl^^lilamp is shown 
adjagent gel 203 and haixy skin 202/204/205. One flashlanip that the inventors have found 
effective for hair removal is described in detail in co-pending United States Patent 
Application For Mctliod and Apparatus For Therapeutic Electromagnetic 1'reatment, Serial 
No. 07/964,210, filed October 20, 1992 and issued as U.S Patent No. 5,405,368, and 
incorporated herein by reference. The flashJ^^mp described therein providt«j a 6mtablc fluencc 
and it illuminates a large area in a single pulse (on the order of 10X50 mm), 

Sucli a flash lamp is drivein by a- variable pulse width power source. The fla$hlamp is 
contained in housiizs 302 and the light from the flashlamp is directed towards the skin by a 
leflcctoi' 305 that has a high reflectivity. 

Also shown in Figures 12 and 23 is a filler 307, that is disposed between flashlamp 
301 and gel 203. Thft filter, or in an alternative embodiment, multiple fdters, are used to 
control thft spectrum generated by tlie light source* As used herein filter, or band^pass filtex, 
describes a device that allows electromagnetic energy (light) of certain wavelengths or 
frequencies lo pass. The other wavelengths or frequencies are eithftr partially or wholly 
removed. 

The operator can selftct the filter according to tlic sKin pigmentation of the person 
being treated. For rhe embodiment using a flashlamp, one can take advantage of the spectral 
range typically generated by such a lamp, which is in the range of 200 to 1300 nm for high 
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pressure xenon tlasWamps Operated at hijjU cuircnt densities (on the order of 1,000 to 5,tKK) 
A/cm% Since hair reniyval is mainly done for cosmetic reasons and is mostly imponani for 
cascb* of darker hair, the hair itself will absorb light in a wide spectral nm^e in the visible and 
the near infrared. Tlie shorter wavelengths geneiated by the nashlamp may be removed since 
they do not p^nftfrate as deeply Into the hkhi (as can be seen from Figure 21). 

fil one embodimejit a long pass filter that transmits only wavelengths longer tlian the 
cut off wavelength of the filter is nsed. A cut off wavelen£th of 600nm is used in d piefeircd 
embodiment when the person being treated has fair skin. A cut cfT wavelength in the range of 
700 to SOOnm is used in the preferrftd embodiment lo treat people with dark skin. According 
to the invention, tJhft filters may be, for example, dicliroic filters or absorbing filters. The 
desired spectrum can also be adiieved by more than one filter or by band-pass filters. 

Li^lii fiom flashlamp 301 is coupled to the sldn through ?i Transparent window 308 and 
a coupler 310 (described below). As shown in Figures 22 and 23, window 308 is placed on 
transparent water based gfti 203. In use, the operator holds hair remover 300 by handle 304, 
and places if on the area of skin wheic ueatment is desired (and gel 203 has been applied). 
Transparent window 308 cieates a well defined flat surface on gel 203, through which light 
enters iiiio gel 203 and into the sldn* 

The operator selects the pulse and energy fluence parameters on a control unit (net 
shown). The power and rnntrol unit are preferably hoixacd in a separate box and will include 
power from capacitor charged to a high voUage by a DC power supply, wherein the 
capacitor Is dischariicd llirough the flashlamp. Hair remover 300 can be connected to the 
powei* and control unit via a flexible cable that allows easy aiming of the device when aiming 
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it to the treatment, area on ihe patient's skin, Puke length rontrol can be acliicved by using a 
few pulssfl forming networks that can generate different pulse widths. Alternatively, an 
opening 309 xiiay include a solid state opening swiidi that can stop the discharge at a time 
preset by the operator, tbiis controlling Uie puke width. These elements of the device arc well 
known and can he easily consuuctcd, or replaced by rimijar elements, as one skilled in the art 
will know. 

After the parameters have been .selected^ the operator fires the unit by prassing a 
switch that can be located in a variety of locations. A total fluence on-the order of 10 to 100 
J/cm* will successfnlly rftmove the hair* This fluence can be determined ftom the lequiremcnt 
of Teaching a high enough temperature of the hair and hair follicle, and considering the 
penetration of lights through the skin and into the hair and balr follicle, absorption of light in 
the hair and liaii* follicle, specific heat capacity of the hair and the hair follicle, and the 
ojoling of the hair during the pulse by heal conductivity to the suffoundtng skin. 

Coupler 310 transmits light fiom flashlamp 301 to gel 7.03 and to the skin, The 
coupler can bft comprised uf a hollow box with internally refleciing walls that act as a light 
guide tor the light generated by flashlamp 301, to transmit the liglit (electromagnetic energy) 
10 the skhh Coupler 310 may- alternatively be made from other material, for example, a solid 
tnuispaient material such as glafw? or acrylic in which light reflection from the walls is 
achieved by using total internal reflection on the side walls. 

Coupler 310 is used, in one alternative embodiment, to control die angular distribution 
of the light rays impinging on the skin, Ught lays will hit Uie hair or the hair follicle 
predomhiantly when they are travelling in a direction perpendicular to the plana of the sKiiu 
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A distribution of light rays thai has a rclalivdy wide angular divergence when treating 
shallow hair is desirable to direct a large portion of the energy to the hairs and follicles. 
Conversely, u narrow divergence is preferable when deep penetration is desired. 

In one embodiment both shallow and de^ penetration is uUaincd by a using a two 
Stage treatment process. A nairow divergcjice beam is used first to treat the deeper hair 
follicles, while a high divcigence beam is used to treat the top of the hair follicles. 

Figure 24 shows a coupler 501 having an exit be-am with a greater angular divergence 
than that of the <aitnmee beam. As shown in Hgiire 24. a beam 502 enters couplei* 501 at a 
small angle, relative to the ?»xis of coupler 30 L When beam 502 exits coupler 501 the angle, 
relstivft to the axis, is much greater. Hie tapered shape of coupler 501 enhances this 
divergence. 

Figure 25 shows a straight coupler 601, that maintains the angular distribution of die 
rays of light that enter into it. A beam 602 is shown entering and exiting coupler 601 with the 
same angle, relative to die axis of coupler 60L Alternate use of boUi couplers 501 and 601 
can achieve t hft narrow and deep penetration discussed above. Alternatively, the user can 
select the type of coupler according to the depth of hair being treated. 

Oiiucal tests have been pcrfoimed on hair on the legs of a few patients, Hair was 
removed for at least two months without observing any hair growing back ou ilie exposed 
areas during this period. The experimenis were perfonncd with high fluenccs, i-c, up to 45 
J/cm* in each exposure. The specuiuii used covered the range of 570 to 1100 nm and the 
fluencc was supplied in a triple pulse with delays of 50 to 100 msRc between pulses. The 
pulse sequence enabled hair removal with minimnm pain and no damage to tlic skin. The 
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transparent gel that was used in these experiments was a water baeed ultrasound gel, such as 
that coiiuiioiily available. 

Thus, it should be apparent that there has been provided in accordance wiili Oie 
present invention vmnns inventions that fUlly satisfy tltc objectives and advantages set forth 
abova. Although the invcutioiis have been described in conjunction widi specific embodiniflnts 
lliercof, it is evident that many altemativefi, modifications and variations will be apparent 10 
those skilled in the ait. Accordingly, it is intended ro embrace all sudi alleinativcs, 
modifications and variations that fall within the iipiiit mid broad scope of the appended 
claims. 



51 



Claims 

1 . A medical treatment device tor application of light to the skin, comprising: 

a light source fur creating a spatially dispersed field of light; 

a power source for providing power to said fight source; and, 

a optir^lly transparent medium for contact with the skin to transmit said light to said sWn. 
, 2. A device as claimed in Claim 1, wherein said medium comprises a transparent plate. 

3. A device as claimed In Claim t wherein said medium comprises a gel 

4. A device as claimed in Claim 1, wherein said medium comprises a transparenl plate, 
and further comprises a gel beneath said transparent plate. 

5. A device as claimed in Claim 1, further comprising at least one element for directing 
light from said spatially dispersed field of light 

6.. A device as claimed in Claim 5. wherein said dement Is a reflector 

7. A medical system for improving the appearance of the skin, comprising: 
a light source for generating optical radiation; 

a contact device* said contact device comprising a first transparent medium for placement 
in contact with the skin for transmission of said optical radiation; and, 
a second optically transparent medium for placement between said contact device and the 
skin, to transmit optical radiation from said contact device to the skin. 

8. A medical system as claimed in Claim 7, wherein said light source generates a 
spalially dispersed field of light. 

9. A medical system as claimed in Claim 7, wherein said light source comprises a 
flashlamp. 
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10. A medical system as claimed In Claim 7. wherein seld light source produces 
Incoherent Hght. 

1 1. A medical system a$ claimed in Claim 7, wherein said light source produces pulses of 
light. 

12. A medical system as claimed in Claim 7, wherein said light source produces pulses of 
Incoherent light 

13. A medical system as claimed in Claim 7, wherein oaid first transparent medium 
. comprises glass. 

14. A medical system as claimed in Claim 7, wherein said sewnd optically transparent 
medium comprises a goL 

15. A medical system as claimed in Claim 13, wherein said second optically transparent 
medium comprises a gel 

16- A medical system for application of light to the skin, comprising: 

an apparatus for producing a spatially dispersed field of light; 

at least one element for directing said spatially dispersed field of light; and, 

a transparent contact device in contact with the skin, for transmission of said light to the 

skin. 

17. A medical systems as ciaimed in Claim 16. further co?nprising an optically transparent 
material for placement between said transparent contact device and the skin to 
transmit said light from said transparent contact device to the skin. 

18. A medical system as claimed In Claim 17. fudher comprising a power source for 
providing power to said apparatus. 

1 9. A medical system for application of light to the skin, comprising; 
an apparatus for producing a spatially dispersed field of light; 



at least one element for directing said light 

a transparent contact device comprising an optically transparent material for placement In 

contact with the okin for transmission of said light to the skin; and, 

a transparent medium for placement between said contact device and the Skin. 

20. A medical system as claimed in Claim 19, wherein said transparent medium 
comprises a geL 

21. A medical system as claimed in Claim 10, wherein said apparatus can produce an 
energy density of 30-1 00 J/cm^. 

22. A medical system as claimed in Claim 19, wherein said apparatus can produce 
pulsed light. 

23. A method for medical application of light to the skin, comprising; 
providing a light source for generating cptlcar radiation; 

providing a contact device, said contact device comprising a fiibi optically transparent 
medium; 

placing said contact device on the skin; and, 

transmitting optical radiation from said light source to said contact device to the skin. 

24. A method as claimed in Claim 23, further comprising the steps of: 

providing a second optically transparent medium; and, 

placing said %>econd optically transparent medium between said contact device and the 
skin; 

wherein said step of transmitting optical radiation from said contact device to the skin 

comprises transmission of optical radiation from said contact device to second optically 

transparent medium and transmission of optical radiation from said second optically 
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transparent medium to the skin. 

25. A method as claimed in Claim 23, wherein said light is applied fnr hair depilation, 

26. A method as dsumed in Claim 24, wherein Mid light Is applied for hair depilation. 

27. A method as claimed In Claim 23, wherein aald light is applied to improve tt\e 
appearance of the appearance of the skin. 

28. A method as claimed in Claim 24, wherein said light is applied to improve the 
appearance of the skin. 
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Abstract 



Apparatus and methods for felectromagnelic; skin treatment, including the 
removal of hair. Devices Include pulsed light sources such as flashlamps for 
providing electromagnetic treatment of the skin, including hair removal Hie 
devices and methods provide for the removal of large numbeis of hairs at the 
same time, rather than on a hair by hair basis. 
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